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AVENUE) A semiconductor memory device of the present invention 
NEW YORK, NY 10036-2714 (Us) comprises a memory array and a read circuit that reads data of 

_ _ a selected cell. The memory array includes a plurality of 
(73) Asslgnee: NEC corporatlon’ Tokyo (JP) memory cells and a reference cell each having a memory 

_ element that stores data based on change in resistance value. 
(21) Appl' NO" 11/815’325 The read circuit includes: a voltage comparison unit that 

(22) PCT Filed Feb 1 2006 compares a value corresponding to a sense current from the 
' ' ’ selected cell With a value corresponding to a reference current 

from the reference cell‘ a ?rst sWitch' and a second sWitch. 
86 PCT N .: PCT/JP2006/301651 ’ ’ 

( ) 0 Both of the ?rst and second switches are provided at a sub 
§ 371 (OX1), sequent stage of a decoder and at a preceding stage of the 
(2) (4) Date. sep_ 21, 2007 voltage comparison unit. The second sWitch circuit controls 

3 input of the value corresponding to the sense current to the 

(30) Foreign Application Priority Data voltage comparison unit, While the ?rst sWitch circuit controls 
input of the value corresponding to the reference current to 

Feb. 8, 2005 (JP) ............................... .. 2005-032237 the voltage comparison unit. 
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SEMICONDUCTOR MEMORY DEVICE AND 
METHOD OF READING DATA THEREFROM 

TECHNICAL FIELD 

[0001] The present invention relates to a semiconductor 
memory device and a method of reading data from the semi 
conductor memory device. In particular, the present invention 
relates to a semiconductor memory device that stores data 
based on a resistance value of a memory element, and a 
method of reading data from the semiconductor memory 
device. 

BACKGROUND ART 

[0002] In recent years, research and development of a non 
volatile memory are being actively carried out. What particu 
larly attracts attention is a resistance change memory that 
stores information as a resistance value of a memory element. 
The resistance change memory is exempli?ed by a magnetic 
random access memory (MRAM) that performs data Writing 
by using magnetic ?eld, a phase change memory (ovonic 
uni?ed memory: OUM) that performs data Writing by using 
heat, a resistance random access memory (Resistance RAM: 
RRAM) that performs data Writing by using voltage. 
[0003] Many of the nonvolatile resistance change memo 
ries are expected to be alternatives to an existing storage or a 
volatile RAM. For example, the MRAM, Which is character 
iZed by a high-speed operation and a large number of reWrit 
able times, is expected to be alternative to a volatile RAM 
such as a DRAM, an SRAM or the like. However, since it uses 
a peculiar read principle that senses resistance, some prob 
lems are to be resolved in circuit in order to satisfy input 
output compatibility With the existing devices. 
[0004] For example, many of the existing RAMs are pro 
vided With a high-speed read operation called page mode or 
burst mode, as is Well knoWn to those skilled in the art. In such 
the read operation, data of memory cells at a plurality of 
addresses are read out at a time and the result is sequentially 
output With high speed. To achieve such the mode, it is nec 
essary to place a large number of read circuits (sense ampli 
?ers). Considering a case Where input-output pins are 16 bits 
and a l6-Words burst read operation is carried out, for 
example, at least 256 read circuits are necessary. As for the 
MRAM, hoWever, an area of the read circuit is large because 
data signals of “0” and “l” are small, and thus it is not easy to 
place a large number of read circuits. 
[0005] A technique relating to a read circuit of an MRAM 
is disclosed, for example, in a document: .I. DeBrosse, et al., 
“A High-Speed l28-kb MRAM Core for Future Universal 
Memory Applications”, IEEE JOURNAL OF SOLID 
STATE CIRCUITS, VOL. 4, No. 4, APRIL 2004, pp. 678 
683. FIG. 1 shoWs a con?guration of the MRAM that includes 
the read circuit according to the relevant technique. The 
MRAM is provided With a memory array 108, a roW decoder 
107, a column decoder 106, and read circuits 105a and 10519. 
The memory array 108 has a plurality of read Word lines 121, 
a plurality of bit lines 122, a plurality of reference bit lines 
122r, a plurality of memory cells 131, and a plurality of 
reference cells 132a and 13219. 
[0006] The plurality of read Word lines 121 extend in an 
X-direction. The plurality of bit lines 122 extend in aY-di 
rection. The plurality of reference bit lines 122r extend in the 
Y-direction. The plurality of memory cells 13 1 are provided at 
respective intersections of the plurality of read Word lines 121 
and the plurality of bit lines 122. The plurality of reference 
cells 132!) and 13211 are provided at respective intersections 
of the plurality of read Word lines 121 and the plurality of 
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reference bit lines 122r. In a read operation, the roW decoder 
107 selects a selected read Word line 121 from the plurality of 
read Word lines 121. In the read operation, the column 
decoder 106 selects selectedbit lines 122 and the reference bit 
lines 122r from the plurality of bit lines 122 and 122r. Con 
sequently, memory cells 131 provided at respective intersec 
tions of the selected read Word line 121 and the selected bit 
lines 122 are selected as selected cells 131 at the time of the 
read operation. Also, the reference cells 132!) and 13211 pro 
vided at respective intersections of the selected read Word line 
121 and the reference bit lines 122r are selected as selected 
reference cells 132!) and 13211. The selected bit lines 122 and 
the reference bit lines 122r are connected to the read circuits 
10519 and 10511 through the column decoder 106. As a result, 
data of the selected cells 131 and the reference cells 132!) and 
13211 are read by the read circuits 10519 and 10511. 

[0007] In the above MRAM, the reference cell 1321) has a 
resistance value Rmin related to data “0”, the reference cell 
13211 has a resistance value Rmax related to data “1”, and the 
tWo read circuits 10519 and 10511 are provided for the respec 
tive reference cells 132!) and 13211. The read circuits 10519 and 
10511 have current-voltage conversion circuits 10219 and 10211 
and sense ampli?ers 10419 and 10411, respectively. The cur 
rent-voltage conversion circuit 1021) (102a) outputs a sense 
voltage Vs that is proportional to a current ?oWing through 
the memory cell 131 and a reference voltage Vref that is 
proportional to a current ?oWing through the reference cell 
1321) (13211). The sense ampli?er 1041) (104a) makes a com 
parison betWeen the sense voltage Vs and the reference volt 
age Vref. Inputs/outputs on the sides of reference cells of the 
current-voltage conversion circuits 10219 and 10211 are short 
circuited to each other betWeen the read circuits 10519 and 
10511. It is therefore possible to set the reference voltage Vref 
at an intermediate voltage betWeen the sense voltage Vs(O) 
corresponding to data “0” and the sense voltage Vs(l) corre 
sponding to data “1”. 

[0008] According to the above con?guration, the reference 
cell 132b, 13211 is necessary for every read circuit 105b, 105a. 
Therefore, When a large number of read circuits 105b, 10511 
are placed, an occupancy rate of the memory cells 131 Which 
a user can freely use for data reading/Writing is decreased. To 
avoid this problem, a circuit technique is essential With Which 
the reference cell 132b, 132a can be used by a plurality ofread 
circuits. In this case, each reference voltage Vref is interfered 
and thus ?uctuated, by the ampli?cation operation of the 
sense ampli?er 104b, 10411 in every read circuit 105b, 105a. 
Since the data signals of “0” and “l” are small in the MRAM, 
the ?uctuation due to the interference cannot be ignored. The 
above-mentioned interference greatly deteriorates reliability 
of data reading in the MRAM. Although this problem can be 
avoided to a certain extent by using a sense ampli?er With 
high-impedance input, a circuit system of the sense ampli?er 
is limited. In addition, When a large number of sense ampli 
?ers operate simultaneously, the read reliability is deterio 
rated due to in?uence of noises of poWer supply voltage and 
so forth. As explained above, it is not easy to place a large 
number of read circuits in the MRAM. A technique is desired 
Which can make a large number of read circuits operate simul 
taneously Without deteriorating the read reliability. 
[0009] Moreover, in the sense operation, the memory cell 
131 and the reference cell 132b, 13211 are electrically con 
nected to each other through the sense ampli?er 104b, 10411. 
For this reason, an improper voltage may be applied to the 
memory cell 131 and the reference cell 132b, 132a due to the 
ampli?cation operation of the sense ampli?er 104b, 10411. A 
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technique is desired Which prevents that the improper voltage 
is applied to the memory cell 131 and the reference cell 132b, 
13211 in the sense operation. 

[0010] In the above description, the MRAM is explained as 
an example. Similarly, such the technique is also desired to 
other resistance change memories that are based on the simi 
lar read principle. By the Way, the followings are knoWn as 
other relevant techniques relating to the nonvolatile memory. 

[0011] Japanese Laid Open Patent Application JP-P2004 
39150A discloses a technique to eliminate in?uence of sneak 
path current and improve reliability of detecting data stored in 
memory cells of an MRAM. A read circuit of the MRAM 
includes an offset elimination circuit and a data detection 
circuit. The offset elimination circuit generates a current dif 
ference signal that corresponds to difference betWeen a sense 
current ?oWing through a selected bit line When a voltage is 
applied betWeen a selected Word line and the selected bit line 
and an offset component current ?oWing through a dummy bit 
line When a voltage is applied betWeen the selected Word line 
and the dummy bit line. Based on the current difference 
signal, the data detection circuit detects memory data stored 
in a selected cell provided betWeen the selected Word line and 
the selected bit line. 

[0012] Japanese Laid Open Patent Application JP-A 
Heisei 7-192476 discloses a nonvolatile ferroelectric 
memory. In the nonvolatile ferroelectric memory, a reference 
potential generation unit generates a reference potential 
based on signal potentials of logics l and 0, and a potential 
retention unit holds the reference potential. In a read opera 
tion, a potential supply unit generates the reference potential 
to one data line based on the held potential. Information is 
detected through a comparison betWeen a signal potential 
read out to the other data line and the reference potential. 

[0013] Japanese Laid Open Patent Application JP-P2003 
151262A discloses a method of reading data from an MRAM. 
The method includes a step of ?oWing a ?rst read current 
through a memory cell, a step of Writing a Write data that has 
a predetermined value into the memory cell, a step of ?oWing 
a second read current through the memory cell into Which the 
Write data is Written, and a step of judging data of the memory 
cell by detecting difference betWeen the ?rst and second read 
currents. 

[0014] Japanese Laid Open Patent Application J P-A 
Heisei 11-26727 discloses a nonvolatile semiconductor 
memory. The nonvolatile semiconductor memory has a 
memory cell consisting of a MOS transistor having a ?oating 
gate, a sense ampli?er, a reference cell having the same struc 
ture as the memory cell, a control voltage generation circuit 
that generates a reference cell control voltage applied to the 
reference cell, and a reference voltage generation circuit that 
generates a reference voltage from the output of the reference 
cell. The ?oating gate and a control gate of the reference cell 
are short-circuited to each other. 

[0015] National publication of the translated version of 
PCT application J P-P2002-533863 discloses an MRAM. The 
MRAM has a magnetic memory cell connected in series to a 
?rst conductive Wiring, a reference magnetic memory cell 
connected in series to a second conductive Wiring, and a 
resistance element connected in series to the reference mag 
netic memory cell. The magnetic memory cell has a magneto 
resistance that is sWitched betWeen a minimum value and a 
maximum value. The reference memory cell has a predeter 
mined magneto-resistance. Total resistance of the reference 
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magnetic memory cell and the resistance element is set 
betWeen the minimum value and the maximum value. 

DISCLOSURE OF INVENTION 

[0016] An object of the present invention is to provide a 
technique Which can make a large number of read circuits 
operate simultaneously Without deteriorating reliability of 
data reading in a semiconductor memory device. 
[0017] Another object of the present invention is to provide 
a technique With Which a large number of read circuits can be 
placed Without increasing reference cells in a semiconductor 
memory device. 
[0018] In a ?rst aspect of the present invention, a semicon 
ductor memory device comprises: a memory array including 
a plurality of memory cells and a reference cell each of Which 
has a memory element that stores data based on change in 
resistance values; and a read circuit that reads out data of a 
selected cell selected from the plurality of memory cells. The 
read circuit includes a voltage comparison unit, a ?rst sWitch 
circuit, and a second sWitch circuit. The voltage comparison 
unit compares a sense current ?oWing through the selected 
cell With a reference current ?oWing through the reference 
cell, or compares a value corresponding to the sense current 
With a value corresponding to the reference current. The ?rst 
sWitch circuit and the second sWitch circuit are provided at a 
subsequent stage of a decoder relating to the selection of the 
selected cell and at a preceding stage of the voltage compari 
son unit. The ?rst sWitch circuit controls input of the reference 
current or the value corresponding to the reference current to 
the voltage comparison unit by switching on or off. The 
second sWitch circuit controls input of the sense current or the 
value corresponding to the sense current to the voltage com 
parison unit by sWitching on or off. 
[0019] According to the above con?guration, it is possible 
by using the ?rst sWitch circuit and the second sWitch circuit 
to electrically separate the generation (occurrence) of the 
sense current and the reference current from the comparison 
betWeen the sense current and the reference current in the 
voltage comparison unit. The same applies to a case Where the 
value corresponding to the sense current and the value corre 
sponding to the reference current are used. Therefore, it is 
prevented that the reference cell and the selected cell are 
electrically connected to each other through the voltage com 
parison unit during a sense operation or the like. It is pre 
vented that unnecessary voltage is applied to each of the 
memory cells. 
[0020] The above-mentioned semiconductor memory 
device can further comprise a ?rst current-voltage conversion 
circuit. The ?rst current-voltage conversion circuit is pro 
vided at a subsequent stage of the decoder and outputs a 
reference voltage based on the reference current ?oWing 
through the reference cell. The read circuit can further include 
a second current-voltage conversion circuit. The second cur 
rent-voltage conversion circuit is provided at a subsequent 
stage of the decoder and outputs a sense voltage based on the 
sense current ?oWing through the selected cell. The ?rst 
sWitch circuit is provided betWeen the ?rst current-voltage 
conversion circuit and the voltage comparison unit. The sec 
ond sWitch circuit is provided betWeen the second current 
voltage conversion circuit and the voltage comparison unit. 
The voltage comparison unit compares the sense voltage and 
the reference voltage. According to this con?guration, it is 
possible to make it easy to deal With a signal indicating the 
comparison result, since the sense voltage and the reference 
voltage are used as the inputs to the voltage comparison unit. 
[0021] In the above-mentioned semiconductor memory 
device, the number of the read circuit can be plural. Each of a 
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plurality of selected cells Which are selected from the plural 
ity of memory cells is related to any of the plurality of read 
circuits. Each of the read circuits is provided With the ?rst 
sWitch circuit and the second sWitch circuit. In this case, the 
one reference voltage is shared by the plurality of read cir 
cuits. It is possible to electrically separate the generation 
(occurrence) of the sense voltage and the reference voltage 
from the comparison betWeen the sense voltage and the ref 
erence voltage in the voltage comparison unit. As a result, it is 
prevented that the reference voltage is interfered and thus 
?uctuated by the ampli?cation operation of the voltage com 
parison unit. Therefore, the reliability of data reading can be 
prevented from being deteriorated. It is also possible to place 
a large number of read circuits Without increasing the number 
of the reference cells. 

[0022] In the above-mentioned semiconductor memory 
device, the reference cell can include a ?rst reference cell in 
Which the resistance value is set to a ?rst state (“0”) and a 
second reference cell in Which the resistance value is set to a 
second state (“1”). When the ?rst reference cell and the sec 
ond reference cell are selected simultaneously, the ?rst cur 
rent-voltage conversion circuit outputs a voltage correspond 
ing to half the sum of a reference current ?oWing through the 
?rst reference cell and a reference current ?oWing through the 
second reference cell as the above-mentioned reference volt 
age. It is possible to improve reliability of the reference volt 
age by using the tWo kinds of reference cells. 
[0023] In the above-mentioned semiconductor memory 
device, each of the plurality of read circuits may further 
include an ampli?cation circuit that is provided at a preceding 
stage of the voltage comparison unit. The ampli?cation cir 
cuit ampli?es the sense voltage and the reference voltage such 
that a difference betWeen the sense voltage and the reference 
voltage is increased. Since the difference betWeen the sense 
voltage and the reference voltage is ampli?ed, reliability of 
the comparison in the voltage comparison unit is improved. 
[0024] In the above-mentioned semiconductor memory 
device, When the ?rst current-voltage conversion circuit is 
connected to the reference cell and each of the plurality of 
read circuits is connected to the related one of the plurality of 
selected cells, the ?rst sWitch circuit and the second sWitch 
circuit are turned on in each read circuit. After that, the ?rst 
sWitch circuit and the second sWitch circuit are turned off. 
After that, the voltage comparison unit makes a comparison 
betWeen the sense voltage and the reference voltage. By the 
ON/OFF operation of the ?rst sWitch circuit and second 
sWitch circuit, it is possible to electrically separate the gen 
eration (occurrence) of the sense voltage and the reference 
voltage from the comparison betWeen the sense voltage and 
the reference voltage in the voltage comparison unit. 
[0025] In the above-mentioned semiconductor memory 
device, the ?rst sWitch circuit may include a ?rst sWitch 
element and a ?rst capacitor. The ?rst sWitch element is 
provided betWeen the input side and the output side. One 
terminal of the ?rst capacitor is grounded, While the other 
terminal is connected to the output side. Also, the second 
sWitch circuit may include a second sWitch element and a 
second capacitor. The second sWitch element is provided 
betWeen the input side and the output side. One terminal of 
the second capacitor is grounded, While the other terminal is 
connected to the output side. By the ON operation of the ?rst 
sWitch circuit and the second sWitch circuit, the reference 
voltage and the sense voltage that are generated (occurred) 
are temporarily stored in the ?rst capacitor and the second 
capacitor, respectively. After each current-voltage conversion 
circuit is electrically separated by the OFF operation of the 
?rst sWitch circuit and second sWitch circuit, the voltage 
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comparison unit compares the sense voltage and the reference 
voltage that are stored. Consequently, the reference voltage is 
prevented from being interfered and ?uctuated, Which makes 
it possible to maintain the reliability of data reading. 
[0026] In the above-mentioned semiconductor memory 
device, the ?rst current-voltage conversion circuit can output 
the reference voltage simultaneously to the plurality of read 
circuits in a sense operation. As a result, one reference cell can 
be shared by the plurality of read circuits. 
[0027] In the above-mentioned semiconductor memory 
device, the second sWitch circuit may further include a third 
capacitor Who se one terminal is grounded, and a third sWitch 
element that is provided betWeen the input side of the second 
sWitch and the other terminal of the third capacitor. When the 
one reference cell is shared by the plurality of read circuits, 
settling time can be reduced by adjusting a time constant of 
the second sWitch circuit by using the third capacitor. 
[0028] In the above-mentioned semiconductor memory 
device, When the second sWitch element is in the connected 
state at the time of the sense operation, the third sWitch 
element is also in the connected state. The settling time can be 
reduced by using the third capacitor and the second capacitor 
at the same time. 

[0029] In the above-mentioned semiconductor memory 
device, let us consider a case Where the number of read 
circuits to Which the reference voltage is input from the ?rst 
current-voltage conversion circuit in the sense operation is N 
(N is an integer not less than 2). Also, the capacitance value of 
the ?rst capacitor and the second capacitor is assumed to be C. 
In this case, the capacitance value of the third capacitor is set 
to C(N- l ). To set the capacitance value of the third capacitor 
in this manner is effective in the reduction of the settling time. 
[0030] In the above-mentioned semiconductor memory 
device, the memory element may be a magneto-resistance 
element Whose resistance value changes depending on orien 
tation of spontaneous magnetiZation. Also, the memory ele 
ment may be a phase change element Whose resistance value 
changes due to change in crystal state by heating. 
[0031] In a second aspect of the present invention, a method 
of reading data from a semiconductor memory device is pro 
vided. The semiconductor memory device comprises: a 
memory array including a plurality of memory cells and at 
least one reference cell each of Which has a memory elements 
that stores data based on change in resistance value; a plural 
ity of read circuits that respectively read out data of a plurality 
of selected cells Which are selected from the plurality of 
memory cells; and a ?rst current-voltage conversion circuit 
that outputs a reference voltage corresponding to a reference 
current ?oWing through the at least one reference cell. Each of 
the plurality of read circuits includes a second current-voltage 
conversion circuit, a voltage comparison unit, a ?rst sWitch 
circuit, and a second sWitch circuit. The second current-volt 
age conversion circuit outputs a sense voltage corresponding 
to a sense current ?oWing through related one of the plurality 
of selected cells. The voltage comparison unit compares the 
sense voltage With the reference voltage. The ?rst sWitch 
circuit is provided betWeen the ?rst current-voltage conver 
sion circuit and the voltage comparison unit, and controls 
connection betWeen the ?rst current-voltage conversion cir 
cuit and the voltage comparison unit by sWitching on and off. 
The second sWitch circuit is provided betWeen the second 
current-voltage conversion circuit and the voltage compari 
son unit, and controls connection betWeen the second current 
voltage conversion circuit and the voltage comparison unit by 
sWitching on and off. 
[0032] The method of reading data from the semiconductor 
memory device includes: (a) the second current-voltage con 
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version circuit converts the sense current to the sense voltage 
and outputs the sense voltage; (b) the ?rst current-voltage 
conversion circuit converts the reference current to the refer 
ence voltage and outputs the reference voltage to the plurality 
of read circuits; (c) the ?rst sWitch circuit and the second 
sWitch circuit are turned on; (d) the ?rst sWitch circuit and the 
second sWitch circuit are turned off; and (e) the voltage com 
parison unit compares the sense voltage With the reference 
voltage. 
[0033] The ?rst sWitch circuit and the second sWitch circuit 
are provided in each of the read circuits. Although the one 
reference voltage is shared by the plurality of read circuits, it 
is possible to electrically separate the steps (a, b, c) of out 
putting the sense voltage and the reference voltage from the 
step (e) of comparing the sense voltage and the reference 
voltage in the voltage comparison unit. As a result, it is 
prevented that the reference voltage is interfered and thus 
?uctuated by the ampli?cation operation of the voltage com 
parison unit. Therefore, the reliability of data reading can be 
prevented from being deteriorated. It is possible to make a 
large number of read circuits operate simultaneously Without 
deteriorating the read reliability. 
[0034] The reference cell may include a ?rst reference cell 
in Which the resistance value is set to a ?rst state (“0”) and a 
second reference cell in Which the resistance value is set to a 
second state (“ l ”). In the above-mentioned (b) step, When the 
?rst reference cell and the second reference cell are selected 
simultaneously, a voltage corresponding to half the sum of a 
reference current ?oWing through the ?rst reference cell and 
a reference current ?oWing through the second reference cell 
is output as the reference voltage. 
[0035] Each of the plurality of read circuits may further 
include an ampli?cation circuit that is provided at a preceding 
stage of the voltage comparison unit. In this case, the read 
method according to the present invention further includes: 
(f) the ampli?cation circuit ampli?es the sense voltage and 
the reference voltage such that a difference betWeen the sense 
voltage and the reference voltage is increased. 
[0036] The ?rst sWitch circuit can include: a ?rst sWitch 
element that is provided betWeen the input side and the output 
side; and a ?rst capacitor Whose one terminal is grounded and 
the other terminal is connected to the output side. The second 
sWitch circuit can include: a second sWitch element that is 
provided betWeen the input side and the output side; and a 
second capacitor Whose one terminal is grounded and the 
other terminal is connected to the output side. In this case, the 
above-mentioned (c) step includes: (cl) turning on the second 
sWitch element; (c2) charging the second capacitor With the 
sense voltage; (c3) turning on the ?rst sWitch element; and 
(c4) charging the ?rst capacitor With the reference voltage. 
Also, the above-mentioned (e) step includes: (e1) the voltage 
comparison unit compares a voltage of the second capacitor 
With a voltage of the ?rst capacitor. 
[0037] The above-mentioned (b) step may include: (b2) the 
?rst current-voltage conversion circuit outputs the above 
mentioned reference voltage simultaneously to the plurality 
of read circuits. 
[0038] The above-mentioned second sWitch circuit may 
further include a third capacitor Whose one terminal is 
grounded, and a third sWitch element that is provided betWeen 
the input side of the second sWitch circuit and the other 
terminal of the third capacitor. In this case, the above-men 
tioned (c) step includes: (cll) turning on the third sWitch 
element When the second sWitch element is turned on. 
[0039] In the above-mentioned method of reading data 
from the semiconductor memory device, the memory element 
may be a magneto-resistance element Whose resistance value 

Nov. 20, 2008 

changes depending on orientation of spontaneous magnetiZa 
tion. Also, the memory element may be a phase change ele 
ment Whose resistance value changes due to change in crystal 
state by heating. 
[0040] As described above, it is possible to make a large 
number of read circuits operate simultaneously Without dete 
riorating the reliability of data reading, according to the semi 
conductor memory device and the method of reading data 
therefrom of the present invention. In addition, it is possible to 
place a large number of read circuits Without increasing the 
reference cells. 

BRIEF DESCRIPTION OF DRAWINGS 

[0041] FIG. 1 shoWs a con?guration of an MRAM that 
includes a read circuit according to a related art; 
[0042] FIG. 2 is a block diagram shoWing a con?guration of 
a semiconductor memory device according to a ?rst embodi 
ment of the present invention; 
[0043] FIG. 3 is a circuit diagram shoWing one example of 
a reference current-voltage conversion circuit; 
[0044] FIG. 4 is a timing chart shoWing an operation of a 
read circuit in the semiconductor memory device according to 
the ?rst embodiment of the present invention; 
[0045] FIG. 5 is a block diagram shoWing a con?guration of 
a semiconductor memory device according to a second 
embodiment of the present invention; 
[0046] FIG. 6A is a graph shoWing time variation of voltage 
in a data retention unit of a sWitch circuit according to the ?rst 
embodiment; 
[0047] FIG. 6B is a graph showing time variation of voltage 
in a data retention unit of a sWitch circuit according to the 
second embodiment; and 
[0048] FIG. 7 is a block diagram shoWing a con?guration of 
a semiconductor memory device according to a third embodi 
ment of the present invention. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0049] A semiconductor memory device and a method of 
reading data from the semiconductor memory device accord 
ing to exemplary embodiments of the present invention Will 
be described beloW With reference to the attached draWings. 
In the description beloW, an MRAM is explained as an 
example of the semiconductor memory device. 

First Embodiment 

[0050] FIG. 2 is a block diagram shoWing a con?guration of 
a semiconductor memory device (MRAM) according to the 
?rst embodiment of the present invention. The MRAM is 
provided With a memory array 8, a roW decoder 7, a column 
decoder 6, a reference current-voltage conversion circuit 1, 
and read circuits 5. 
[0051] The memory array 8 includes a plurality of read 
Word lines 21, a plurality of bit lines 22, reference bit lines 
22r, a plurality of memory cells 31, and a plurality of refer 
ence cells 32. 

[0052] The plurality of read Word lines 21 extend in the 
X-direction. The plurality of bit lines 22 extend in the Y-di 
rection. The reference bit lines 22r extend in the Y-direction. 
The plurality of memory cells 31 are provided at respective 
intersections of the plurality of read Word lines 21 and the 
plurality of bit lines 22. Also, the plurality of reference cells 
32 (32a and 32b) are provided at respective intersections of 
the plurality of read Word lines 21 and the reference bit lines 
221’ (22rd and 22rb). 
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[0053] In the memory cell 31, an MT] (Magnetic Tunneling 
Junction) 35 and a MOS transistor 36 are connected in series. 
The MT] 35 is a magneto-resistance element Whose resis 
tance value changes depending on orientation of spontaneous 
magnetization. One terminal and the other terminal of the 
MT] 35 are connected to the bit line 22 and the MOS transis 
tor 36, respectively. A gate of the MOS transistor 36 is con 
nected to the read Word line 21. In the reference cell 32, an 
MT] 37 and a MOS transistor 38 are connected in series. One 
terminal and the other terminal of the MT] 37 are connected 
to the reference bit line 22r and the MOS transistor 38, respec 
tively. A gate of the MOS transistor 38 is connected to the read 
Word line 21. The reference cell 3211 includes an MT] 37a to 
Which data “0” is programmed in advance. On the other hand, 
the reference cell 32b includes an MT] 37b to Which data “1” 
is programmed in advance. The reference cells 32a and 32b 
are connected to the reference bit lines 22m and 22rb, respec 
tively. All but these is the same as the memory cell 31. Here, 
the tWo reference cells 32a and 32b are used simultaneously. 
[0054] The roW decoder 7 selects a read Word line 21 cor 
responding to an input roW address from the plurality of read 
Word lines 21, as a selected read Word line 21s. As a result, the 
MOS transistors 36 and 38 of the memory cells 31 and the 
reference cells 32 provided along the selected read Wordline 
21s are turned ON. Additionally, the roW decoder 7 selects a 
Write Word line corresponding to an input roW address from a 
plurality of Write Word lines (not shoWn), as a selected Write 
Word line. 
[0055] The column decoder 6 selects bit lines 22 corre 
sponding to higher-order bits of an input column address from 
the plurality of bit lines 22, as a plurality of selected bit lines 
22s. At the same time, the column decoder 6 selects the 
reference bit lines 22r (22m and 22rb). 
[0056] As a result of the selection by the roW decoder 7 and 
the column decoder 6, the memory cells provided at intersec 
tions of the selected read Word line 21s and the plurality of 
selected bit lines 22s are selected as a plurality of selected 
cells 31s. Also, the reference cells 32 provided at intersections 
of the selected read Word line 21s and the reference bit lines 
22r are selected as selected reference cells 32s. Then, the 
plurality of selected bit lines 22s are respectively connected to 
current-voltage conversion circuits 2 (described later) of dif 
ferent read circuits 5 through the column decoder 6. As a 
result, data of the plurality of selected cells 31s are read out to 
the current-voltage conversion circuits 2. Also, the reference 
bit lines 22r are connected to the reference current-voltage 
conversion circuit 1 (described later) through the column 
decoder 6. As a result, data of the selected reference cells 32s 
are read out to the reference current-voltage conversion cir 
cuit 1. 

[0057] The reference current-voltage conversion circuit 1 is 
activated by a read enable signal RE at a time of read opera 
tion. The reference current-voltage conversion circuit 1 con 
verts a current value depending on a resistance value of the 
selected reference cell 32s into a voltage value, and outputs 
the voltage value as a reference voltage Vr. The reference 
voltage Vr output from the reference current-voltage conver 
sion circuit 1 is simultaneously input to sWitch circuits 3 
(described later) of all the read circuits 5. 
[0058] FIG. 3 is a circuit diagram shoWing one example of 
the reference current-voltage conversion circuit 1. The refer 
ence bit line 22m is connected to a source of an Nch transistor 
M3. A drain of the Nch transistor M3 is connected to a drain 
and a gate of a Pch transistor M5. A source of the Pch tran 
sistor M5 is connected to a poWer source. The reference bit 
line 22rb is connected to a source of an Nch transistor M4. A 
drain of the Nch transistor M4 is connected to a drain of a Pch 
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transistor M6. A source of the Pch transistor M6 is connected 
to the poWer source. A gate of the Pch transistor M6 is con 
nected to the gate of the Pch transistor M5. An arbitrary bias 
voltage Vb is applied to gates of the Nch transistors M3 and 
M4. As a result, those source voltages, namely the voltages of 
the reference bit lines 22m and 22rb, are clamped to a pre 
determined voltage Vc. Consequently, a voltage larger than a 
predetermined value does not applied to the MT] s 37a and 
37b of the reference cells 32a and 32b, Which can prevent 
destruction of the MT] s 3711 and 37b. The predetermined 
voltage Vc is set such that difference betWeen sense currents 
corresponding to data “0” and “1” takes a maximum value, for 
example, set to approximately 0.2 V to 0.4 V. The Pch tran 
sistors M5 and M6 function as load resistance. 

[0059] The reference current-voltage conversion circuit 1 
outputs the reference voltage Vr that is proportional to half the 
sum of respective reference currents from the reference cell 
3211 and the reference cell 32b. That is to say, the reference 
voltageVr to be output is proportional to half of the sum of the 
reference currents respectively ?oWing through the reference 
cell 3211 to Which the data “0” is programmed in advance and 
the reference cell 32b to Which the data “1” is programmed in 
advance. Here, assume that a sense voltage When the memory 
cell 31 stores the data “0” is Va(0) and a sense voltage When 
the memory cell 31 stores the data “1” is Va(l). In this case, 
the reference voltage Vr output from the reference current 
voltage conversion circuit 1 satis?es the folloWing relational 
expression: Va(0)<Vr<Va(l). 
[0060] With reference to FIG. 2 again, the read circuit 
includes the current-voltage conversion circuit 2, the sWitch 
circuit 3, and a sense ampli?er 4. 
[0061] At the time of read operation, the current-voltage 
conversion circuit 2 is activated by the read enable signal RE 
and connected to the selected memory cell 31s. The current 
voltage conversion circuit 2 is a circuit for converting a cur 
rent value depending on a resistance value of the selected 
memory cell 31s into a voltage value and outputting the 
voltage value as a sense voltage Va. The sense voltage Va 
output from the current-voltage conversion circuit 2 is input 
to the sWitch circuit 3. The current-voltage conversion circuit 
2 performs control to make a voltage on the input side a 
constant value (Vc) such that a voltage larger than the prede 
termined value is not applied to the MT] 35 of the selected 
memory cell 31. 
[0062] The sense voltage Va output from the current-volt 
age conversion circuit 2 and the reference voltage Vr output 
from the reference current-voltage conversion circuit 1 are 
input to the sWitch circuit 3. The sWitch circuit 3 temporarily 
holds those tWo voltage values. Then, in response to a sense 
enable signal SE1, the sWitch circuit 3 cuts off the electrical 
connection betWeen the current-voltage conversion circuit 2 
and the sense ampli?er 4 and the electrical connection 
betWeen the reference current-voltage conversion circuit 1 
and the sense ampli?er 4. After that, the sWitch circuit 3 
outputs the above-mentioned held tWo voltage values to the 
sense ampli?er 4. The sWitch circuit 3 is exempli?ed by a 
sWitched capacitor circuit constituted by a CMOS sWitch 
(transfer gate) and a capacitor. 
[0063] The sWitch circuit 3 includes sWitch units 11 and 13 
and data retention units 12 and 14. The input side and the 
output side of the sWitch unit 11 are connected to the current 
voltage conversion circuit 2 and the data retention unit 12 (or 
the sense ampli?er 4), respectively. The sWitch unit 11 turns 
ON or OFF the connection betWeen the current-voltage con 
version circuit 2 and the data retention unit 12 (or the sense 
ampli?er 4), based on the sense enable signal SE1. When the 
sWitch unit 11 is turned ON, the data retention unit 12 tem 
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porarily holds the sense voltage Va (or a value corresponding 
thereto) output from the current-voltage conversion circuit 2. 
When the sWitch unit 11 is turned OFF, the data retention unit 
12 outputs a sense voltage Vs corresponding to the held sense 
voltage Va to the sense ampli?er 4. 
[0064] Similarly, the input side and the output side of the 
sWitch unit 13 are connected to the reference current-voltage 
conversion circuit 1 and the data retention unit 14 (or the 
sense ampli?er 4), respectively. The sWitch unit 13 turns ON 
or OFF the connection betWeen the reference current-voltage 
conversion circuit 1 and the data retention unit 14 (or the 
sense ampli?er 4), based on the sense enable signal SE1. 
When the sWitch unit 13 is turned ON, the data retention unit 
14 temporarily holds the reference voltage Vr (or a value 
corresponding thereto) output from the reference current 
voltage conversion circuit 1. When the sWitch unit 13 is 
turned OFF, the data retention unit 14 outputs a reference 
voltage Vref corresponding to the held reference voltage Vr to 
the sense ampli?er 4. 
[0065] There are no speci?c restrictions on the con?gura 
tions of the sWitch units 11 and 13 as long as the sWitch 
operation is possible. The sWitch units 11 and 13 are exem 
pli?ed by a MOS transistor, a CMOS sWitch (transfer gate) or 
the like. Also, there are no speci?c restrictions on the con 
?gurations of the data retention units 12 and 14 as long as they 
can temporarily hold the sense voltage Va and the reference 
voltage Vr, or voltage values corresponding thereto. The data 
retention units 12 and 14 are exempli?ed by a capacitor. 
[0066] The sense ampli?er 4 receives tWo voltage values 
(the reference voltage Vref and the sense voltage Vs) from the 
sWitch circuit 3. In response to a sense enable signal SE2, the 
sense ampli?er 4 performs the read operation (sense opera 
tion) based on those tWo voltages, the reference voltage Vref 
and the sense voltage Vs. The sense ampli?er 4 then outputs 
an output data Q that is obtained as a result of the sense 
operation. 
[0067] ShoWn in FIG. 2 is an example Where four selected 
memory cells 31s and a pair of selected reference cells 32s are 
selected at the time of the read operation. In this case, data of 
the four selected memory cells 31s are output as the output 
data Q[l] to Q[4] simultaneously from the four sense ampli 
?ers 4. 
[0068] Next, a method of data reading in the semiconductor 
memory device according to the exemplary embodiment Will 
be described. FIG. 4 is a timing chart shoWing an operation of 
the read circuit 5 according to the present embodiment. In 
FIG. 4, (a), (b), (c), (d), (e), and (g) shoW an address signal, an 
ATD (address transition detection) signal, the read enable 
signal RE, the sense enable signal SE1, the sense enable 
signal SE2, and the output data Q, respectively. In addition, (f) 
shoWs the sense voltage Va, the reference voltage Vr, the 
sense voltage Vs, and the reference voltage Vref. 
[0069] First, at a time t01, a controller (not shoWn) outputs 
the address signal to the roW decoder 7 and the column 
decoder 6. The controller also outputs the ATD signal to the 
roW decoder 7 and the column decoder 6 in response to the 
address signal. In response to the ATD signal, the roW decoder 
7 selects a selected read Word line 21s that corresponds to the 
address signal. Also, in response to the ATD signal, the col 
umn decoder 6 selects a plurality of selected bit lines 22s and 
reference bit lines 22r that correspond to the address signal. 
As a result, a plurality of selected cells 31s and reference cells 
32 are selected. 

[0070] Next, the controller sets the read enable signal RE to 
High level. In response to the read enable signal RE, the 
current-voltage conversion circuits 2 and the reference cur 
rent-voltage conversion circuit 1 are activated. The plurality 
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of selected cells 31s are respectively connected to the plural 
ity of current-voltage conversion circuits 2, While the refer 
ence cells 32 are connected to the reference current-voltage 
conversion circuit 1. The current-voltage conversion circuit 2 
outputs the sense voltage Va proportional to the sense current 
that ?oWs through related one of the plurality of selected cells 
31s. The reference current-voltage conversion circuit 1 out 
puts the reference voltage Vr that is proportional to half the 
sum of the reference currents respectively ?oWing through 
the reference cell 3211 to Which the data “0” is programmed 
and the reference cell 32b to Which the data “1” is pro 
grammed. 
[0071] Next, the controller sets the sense enable signal SE1 
to High level. In response to the sense enable signal SE1, the 
sWitch units 11 and 13 of the sWitch circuit 3 are turned ON. 
At this time, the sense enable signal SE2 is at LoW level, and 
the sense ampli?er 4 is in an initialiZed state. The sense 
voltage Va output from the current-voltage conversion circuit 
2 is held by the data retention unit 12 (charged in the capaci 
tor). Similarly, the reference voltage Vr output from the ref 
erence current-voltage conversion circuit 1 is held by the data 
retention unit 14 (charged in the capacitor). In FIG. 4, the 
sense voltage Va is larger than the reference voltage Vr, and 
the difference betWeen the sense voltage Va and the reference 
voltage Vr is indicated by dV. 
[0072] Next, at a time t02, the controller sets the sense 
enable signal SE1 to LoW level. In response to the sense 
enable signal SE1 (LoW), the sWitch units 11 and 13 are 
turned OFF. At this time, voltages of input terminals of the 
sense ampli?er 4 are maintained at a voltage Vs that is equal 
to the sense voltage Va and a voltage Vref that is equal to the 
reference voltage Vr. 
[0073] Subsequently, the controller sets the sense enable 
signal SE2 to High level. In response to the sense enable 
signal SE2, the sense ampli?er 4 is activated and makes a 
comparison betWeen the voltage Vs (sense voltage) and the 
voltage Vref (reference voltage). A difference betWeen the 
voltages Vs andVref input to the sense ampli?er 4 is approxi 
mately several tens of mV, and the difference is ampli?ed up 
to a logic amplitude LA in the sense ampli?er 4. The differ 
ence after the ampli?cation becomes the sense result. 

[0074] After that, at a time t03, the controller sets the sense 
enable signal SE2 to LoW level. In response to the sense 
enable signal SE2 (LoW), the data retention units 12 and 14 of 
the sWitch circuit 3 are reset. Also, the controller sets the read 
enable signal RE to LoW level. In response to the read enable 
signal RE (LoW), the current-voltage conversion circuit 2 and 
the reference current-voltage conversion circuit 1 are deacti 
vated. 

[0075] As described above, it is possible by using the 
above-mentioned sWitch circuit 3 to separate the outputs of 
the current-voltage conversion circuit 2 and the reference 
current-voltage conversion circuit 1 from the input of the 
sense ampli?er 4. As a result, it is prevented that the sense 
voltage Va and the reference voltage Vr are interfered at the 
time of the sense operation. Consequently, it is possible to use 
the one reference voltage Vr as input signals to the plurality of 
read circuits 5 (sense ampli?ers 4). That is to say, it is possible 
to place a large number of read circuits 5 (sense ampli?ers 4) 
and hence to support the page mode and the burst mode. 
Moreover, in a case Where capacitors are used as the data 
retention units 12 and 14, the voltages Vs andVref input to the 
sense ampli?er 4 are determined by charged charges of the 
capacitors. Therefore, poWer-supply noise tolerance is also 
improved. Furthermore, employment of the sWitch circuit 3 
alloWs greater ?exibility in the circuit con?guration of the 
sense ampli?er 4. 
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[0076] Moreover, since the switch circuit 3 is provided, it is 
possible to electrically separate the generation (occurrence) 
of the sense current and the reference current from the com 
parison betWeen the sense voltage Vs and the reference volt 
age Vref in the sense ampli?er 4. As a result, it is prevented 
during the sense operation or the like that the reference cell 32 
and the selected cell 31s are electrically connected to each 
other through the sense ampli?er 4. Consequently, it is pos 
sible to prevent application of unnecessary voltages to each of 
the memory cells and prevent the MT] 35, 37 of each memory 
cell from being affected. 

Second Embodiment 

[0077] FIG. 5 is a block diagram shoWing a con?guration of 
a semiconductor memory device (MRAM) according to the 
second embodiment of the present invention. The second 
embodiment is different from the ?rst embodiment in the 
folloWing points. That is, a read circuit 511 is provided instead 
of the read circuit 5 shoWn in FIG. 2, and the read circuit 511 
includes a sWitch circuit 311 instead of the sWitch circuit 3. The 
sWitch circuit 311 according to the present embodiment further 
includes a sWitch unit 15 and a capacitance adjustment unit 16 
in addition to the above-mentioned sWitch units 11, 12, data 
retention units 13 and 14. The sWitch unit 15 is connected in 
parallel to the sWitch unit 11, and the capacitance adjustment 
unit 16 is connected to the sWitch unit 15 in series. 
[0078] A circuit constituted by the sWitch unit 15 and the 
capacitance adjustment unit 16 (hereinafter referred to as a 
dummy circuit) is provided at a subsequent stage of the cur 
rent-voltage conversion circuit 2. The dummy circuit is used 
for substantially equalizing the loads of the reference current 
voltage conversion circuit 1 and the current-voltage conver 
sion circuit 2. In a case Where the output of the reference 
current-voltage conversion circuit 1 is connected to N sWitch 
circuits 3a, for example, the output is connected to N data 
retention units (capacitors) 14. 
[0079] When a capacitance value of the capacitor 12 is the 
same as that of the capacitor 14, a capacitance value of the 
capacitance adjustment unit 16 is set to approximately (N-l) 
times the capacitance value of the capacitor 12. In this case, 
settling times of the sense voltage Va and the reference volt 
age Vr become substantially equal to each other. 
[0080] FIGS. 6A and 6B are graphs shoWing time variation 
of voltage in the data retention unit of the sWitch circuit. FIG. 
6A is a graph regarding the capacitor of the data retention unit 
in the ?rst embodiment (see FIG. 2), While FIG. 6B is a graph 
regarding the capacitor of the data retention unit in the second 
embodiment (see FIG. 5). The vertical axis indicates the 
voltage of the capacitor of the data retention unit, While the 
horizontal axis indicates time. 
[0081] At a time t1, the sense voltage Va and the reference 
voltage Vr are input to the sWitch circuit. According to the ?rst 
embodiment, the sWitch circuit 3 does not have the dummy 
circuit. In this case, the settling time (time required for 
enabling correct sensing) of the reference voltageVrbecomes 
relatively long, as shoWn in FIG. 6A. Therefore, it is neces 
sary to turn OFF the sWitch units 11, 13 and make the sense 
ampli?er 4 operate after the reference voltage Vr is su?i 
ciently set. In FIG. 6A, it is necessary to Wait until a time t2. 
According to the second embodiment on the other hand, the 
sWitch circuit 311 has the dummy circuit. Therefore, as shoWn 
in FIG. 6B, magnitude relationship betWeen the sense voltage 
Va and the reference voltage Vr is maintained even at a time 
When the reference voltage Vr is not suf?ciently set. For this 
reason, it is possible to correctly perform the sense operation 
even if the sWitch units 11, 13 are turned OFF to make the 
sense ampli?er 4 operate earlier than the settling time of the 
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sense voltage Va and the reference voltage Vr. In FIG. 6B, the 
sense operation can be started at a time t3, Which is earlier 
than the time t2. 
[0082] The method of reading data from the semiconductor 
memory device according to the present embodiment is the 
same as the method according to the ?rst embodiment, and 
detailed description thereof is omitted (refer to FIG. 4). It 
should be noted that the timing of turning OFF the sWitch 
units 11, 13 and operating the sense ampli?er 4 can be made 
earlier as compared With the case of the ?rst embodiment. 
[0083] According to the second embodiment, the same 
effects as in the ?rst embodiment can be obtained. In addition, 
the timing of turning OFF the sWitch units 11, 13 and making 
the sense ampli?er 4 operate can be made earlier. It is there 
fore possible to reduce the time required for the sense opera 
tion. 

Third Embodiment 

[0084] FIG. 7 is a block diagram shoWing a con?guration of 
a semiconductor memory device (MRAM) according to the 
third embodiment of the present invention. The third embodi 
ment is different from the ?rst embodiment in the folloWing 
points. That is, a read circuit 5b is provided instead of the read 
circuit 5 shoWn in FIG. 2. The read circuit 5b includes an 
ampli?cation circuit 18 With differential output in addition to 
the components in the read circuit 5 shoWn in FIG. 2. The 
ampli?cation circuit 18, Which is provided betWeen the cur 
rent-voltage conversion circuit 2 and the sWitch circuit 3, 
ampli?es a voltage difference betWeen the sense voltage Va 
output from the current-voltage conversion circuit 2 and the 
reference voltage Vr output from the reference current-volt 
age conversion circuit 1. 
[0085] In the MRAM, the signal difference betWeen the 
data “0” and the data “1” is small, and the voltage difference 
betWeen the sense voltage Va and the reference voltage Vr is 
at most several tens of mV. A voltage difference betWeen an 
output voltage Va' and an output voltage Vr' of the ampli?ca 
tion circuit 18 With differential output is equal to an arbitrary 
constant times the voltage difference betWeen the sense volt 
age Va and the reference voltage Vr. Therefore, the voltage 
difference of several tens of mV canbe increased up to several 
hundreds of mV, Which makes it possible to greatly secure a 
circuit margin of the sense ampli?er 4 at a subsequent stage. 
Moreover, it is possible by providing the ampli?cation circuit 
18 to decrease the gains of the current-voltage conversion 
circuit 2 and the reference current-voltage conversion circuit 
1. Consequently, it is possible to expand an input range of the 
read circuit 5b, namely, a range of the resistance value of the 
MT] 35, 37 Which can be sensed. 
[0086] The method of reading data from the semiconductor 
memory device according to the present embodiment is the 
same as the method according to the ?rst embodiment, and 
detailed description thereof is omitted (refer to FIG. 4). It 
should be noted that the voltage difference betWeen the sense 
voltage Va and the reference voltage Vr is ampli?ed by the 
ampli?cation circuit 18, and the output voltage Va' and the 
output voltage Vr' from the ampli?cation circuit 18 are input 
to the sWitch circuit 3 (sense ampli?er 4). 
[0087] According to the present embodiment, the same 
effects as in the ?rst embodiment can be obtained. In addition, 
it is possible to greatly secure the circuit margin of the sense 
ampli?er 4 at a subsequent stage and to expand the range of 
the resistance value of the MT] 35, 37 Which can be sensed. 
[0088] As described above, the differential output of the 
ampli?cation circuit 18 is input to the sWitch circuit 3, and the 
sense voltage Va, Va' and the reference voltage Vr, Vr' are not 
interfered at the time of operation of the sense ampli?er 4. 
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Therefore, the reliability of data reading is not deteriorated 
even When the one reference voltage Vr is used as the input 
signals to the plurality of sense ampli?ers 4 (read circuits 5). 
[0089] It is also possible to combine the second embodi 
ment and the third embodiment. In this case, the both effects 
by the second embodiment and the third embodiment can be 
obtained. 
[0090] It should be noted that the present invention is not 
limited to the above-described embodiments. Design may be 
changed Without departing from the scope of the invention. 
For example, the present invention is not limited to the 
MRAM but is applicable to any memory using the resistance 
change such as an OUM and an RRAM. 
[0091] Although the case Where the reference voltage Vr is 
shared by four read circuits is described in the foregoing 
embodiments, there is no limitation on the number of read 
circuits that share the one reference voltage Vr. Also, a variety 
of circuits Which are conventionally knoWn can be used as the 
current-voltage conversion circuit. Also, a cell of the MRAM 
is not limited to the shoWn lTRl MT] cell, but may be a cross 
point cell that does not include a select transistor, for instance. 

1. A semiconductor memory device comprising: 
a memory array including a plurality of memory cells and 

a reference cell each of Which has a memory element that 
stores data based on change in resistance value; and 

a read circuit con?gured to read data of a selected cell that 
is selected from said plurality of memory cells, 

Wherein said read circuit includes: 
a voltage comparison unit con?gured to compare a sense 

current ?oWing through said selected cell With a refer 
ence current ?oWing through said reference cell or com 
pare a value corresponding to said sense current With a 
value corresponding to said reference current; 

a ?rst sWitch circuit and a second sWitch circuit that are 
provided at a subsequent stage of a decoder relating to 
selection of said selected cell and at a preceding stage of 
said voltage comparison unit, 

Wherein said ?rst sWitch circuit controls input of said ref 
erence current or said value corresponding to said refer 
ence current to said voltage comparison unit by sWitch 
ing on or off, and said second sWitch circuit controls 
input of said sense current or saidvalue corresponding to 
said sense current to said voltage comparison unit by 
sWitching on or off. 

2. The semiconductor memory device according to claim 1, 
further comprising a ?rst current-voltage conversion cir 

cuit that is provided at a subsequent stage of said decoder 
and outputs a reference voltage based on said reference 
current ?oWing through said reference cell, 

Wherein said read circuit further includes a second current 
voltage conversion circuit that is provided at a subse 
quent stage of said decoder and outputs a sense voltage 
based on said sense current ?oWing through said 
selected cell, 

Wherein said ?rst sWitch circuit is provided betWeen said 
?rst current-voltage conversion circuit and said voltage 
comparison unit, said second sWitch circuit is provided 
betWeen said second current-voltage conversion circuit 
and said voltage comparison unit, and said voltage com 
parison unit compares said sense voltage and said refer 
ence voltage. 

3. The semiconductor memory device according to claim 2, 
Wherein a number of said read circuit is plural, and a 
number of said selected cell selected from said plurality 
of memory cells is plural, 

Wherein each of said plurality of selected cells is related to 
any of said plurality of read circuits. 
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4. The semiconductor memory device according to claim 3, 
Wherein said reference cell includes: 
a ?rst reference cell in Which said resistance value is set to 

a ?rst state; and 
a second reference cell in Which said resistance value is set 

to a second state, 
Wherein When said ?rst reference cell and said second 

reference cell are selected simultaneously, said ?rst cur 
rent-voltage conversion circuit outputs a voltage corre 
sponding to half a sum of a reference current ?oWing 
through said ?rst reference cell and a reference current 
?oWing through said second reference cell as said refer 
ence voltage. 

5. The semiconductor memory device according to claim 3, 
Wherein each of said plurality of read circuits further 

includes an ampli?cation circuit provided at a preceding 
stage of said voltage comparison unit, 

Wherein said ampli?cation circuit ampli?es said sense 
voltage and said reference voltage such that a difference 
betWeen said sense voltage and said reference voltage is 
increased. 

6. The semiconductor memory device according to claim 3, 
Wherein When said ?rst current-voltage conversion circuit 

is connected to said reference cell and each of said 
plurality of read circuits is connected to the related one 
of said plurality of selected cells, said second sWitch 
circuit and said ?rst sWitch circuit are turned on, there 
after said second sWitch circuit and said ?rst sWitch 
circuit are turned off, thereafter said voltage comparison 
unit compares said sense voltage With said reference 
voltage in said each read circuit. 

7. The semiconductor memory device according to claim 3, 
Wherein said ?rst sWitch circuit includes: 
a ?rst sWitch element provided betWeen an input side and 

an output side; and 
a ?rst capacitor Whose one terminal is grounded and the 

other terminal is connected to said output side of said 
?rst sWitch element, 

Wherein said second sWitch circuit includes: 
a second sWitch element provided betWeen an input side 

and an output side; and 
a second capacitor Whose one terminal is grounded and the 

other terminal is connected to said output side of said 
second sWitch element. 

8. The semiconductor memory device according to claim 3, 
Wherein in a sense operation, said ?rst current-voltage 

conversion circuit outputs said reference voltage simul 
taneously to said plurality of read circuits. 

9. The semiconductor memory device according to claim 7, 
Wherein said second sWitch circuit further includes: 
a third capacitor Whose one terminal is grounded; and 
a third sWitch element provided betWeen said input side of 

said second sWitch circuit and the other terminal of said 
third capacitor. 

10. The semiconductor memory device according to claim 

Wherein in said sense operation, When said second sWitch 
element is in a connected state, said third sWitch element 
is also in a connected state. 

11. The semiconductor memory device according to claim 

Wherein a number of said plurality of read circuits to Which 
said reference voltage is input from said ?rst current 
voltage conversion circuit in said sense operation is N (N 
is an integer not less than 2), 
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wherein a capacitance value of said ?rst capacitor and said 
second capacitor is C, and a capacitance value of said 
third capacitor is C(N-l). 

12. The semiconductor memory device according to claim 
1: 

Wherein said memory element is a magneto-resistance ele 
ment Whose resistance value changes depending on ori 
entation of spontaneous magnetiZation. 

13. The semiconductor memory device according to claim 
1: 

Wherein said memory element is a phase change element 
Whose resistance value changes due to change in crystal 
state by heating. 

14. A method of reading data from a semiconductor 
memory device, 

Wherein said semiconductor memory device comprises: 
a memory array including a plurality of memory cells and 

at least one reference cell each of Which has a memory 
element that stores data based on change in resistance 
value; 

a plurality of read circuits con?gured to read data of a 
plurality of selected cells that are selected from said 
plurality of memory cells, respectively; and 

a ?rst current-voltage conversion circuit con?gured to out 
put a reference voltage corresponding to a reference 
current ?oWing through said at least one reference cell, 

Wherein each of said plurality of read circuits includes: 
a second current-voltage conversion circuit con?gured to 

output a sense voltage corresponding to a sense current 
?oWing through related one of said plurality of selected 
cells; 

a voltage comparison unit con?gured to compare said 
sense voltage With said reference voltage; 

a ?rst sWitch circuit that is provided betWeen said ?rst 
current-voltage conversion circuit and said voltage com 
parison unit and controls connection betWeen said ?rst 
current-voltage conversion circuit and said voltage com 
parison unit by sWitching on or off; and 

a second sWitch circuit that is provided betWeen said sec 
ond current-voltage conversion circuit and said voltage 
comparison unit and controls connection betWeen said 
second current-voltage conversion circuit and said volt 
age comparison unit by sWitching on or off, 

Wherein said method comprises: 
(a) converting said sense current to said sense voltage and 

outputting said sense voltage, by said second current 
voltage conversion circuit; 

(b) converting said reference current to said reference volt 
age and outputting said reference voltage to said plural 
ity of read circuits, by said ?rst current-voltage conver 
sion circuit; 

(c) turning on said second sWitch circuit and said ?rst 
sWitch circuit; 

(d) turning off said second sWitch circuit and said ?rst 
sWitch circuit; and 

(e) comparing said sense voltage With said reference volt 
age, by said voltage comparison unit. 

15. The method of reading data from the semiconductor 
memory device according to claim 14, 

Wherein said reference cell includes: 
a ?rst reference cell in Which said resistance value is set to 

a ?rst state; and 
a second reference cell in Which said resistance value is set 

to a second state, 
Wherein in said (b) step, When said ?rst reference cell and 

said second reference cell are selected simultaneously, a 
voltage corresponding to half a sum of a reference cur 
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rent ?oWing through said ?rst reference cell and a refer 
ence current ?oWing through said second reference cell 
is output as said reference voltage. 

16. The method of reading data from the semiconductor 
memory device according to claim 14, 

Wherein each of said plurality of read circuits further 
includes an ampli?cation circuit provided at a preceding 
stage of said voltage comparison unit, 

Wherein said method further comprises: 
(f) amplifying said sense voltage and saidreference voltage 

such that a difference betWeen said sense voltage and 
said reference voltage is increased, by said ampli?cation 
circuit. 

17. The method of reading data from the semiconductor 
memory device according to claim 14, 

Wherein said ?rst sWitch circuit includes: 
a ?rst sWitch element provided betWeen an input side and 

an output side; and 
a ?rst capacitor Whose one terminal is grounded and the 

other terminal is connected to said output side of said 
?rst sWitch circuit, 

Wherein said second sWitch circuit includes: 
a second sWitch element provided betWeen an input side 

and an output side; and 
a second capacitor Whose one terminal is grounded and the 

other terminal is connected to said output side of said 
second sWitch circuit, 

Wherein said (c) step includes: 
(cl) turning on said second sWitch element; 
(c2) charging said second capacitor With said sense volt 

age; 
(c3) turning on said ?rst sWitch element; and 
(c4) charging said ?rst capacitor With said reference volt 

age, Wherein said (e) step includes: 
(el) comparing a voltage of said second capacitor With a 

voltage of said ?rst capacitor, by said voltage compari 
son unit. 

18. The method of reading data from the semiconductor 
memory device according to claim 14, 

Wherein said (b) step includes: 
(b2) outputting said reference voltage simultaneously to 

said plurality of read circuits, by said ?rst current-volt 
age conversion circuit. 

19. The method of reading data from the semiconductor 
memory device according to claim 17, 

Wherein said second sWitch circuit further includes: 
a third capacitor Whose one terminal is grounded; and 
a third sWitch element provided betWeen said input side of 

said second sWitch circuit and the other terminal of said 
third capacitor, 

Wherein said (cl) step includes: 
(cl 1) turning on said third sWitch element When said sec 

ond sWitch element is turned on. 
20. The method of reading data from the semiconductor 

memory device according to claim 14, 
Wherein said memory element is a magneto-resistance ele 

ment Whose resistance value changes depending on ori 
entation of spontaneous magnetiZation. 

21. The method of reading data from the semiconductor 
memory device according to claim 14, 

Wherein said memory element is a phase change element 
Whose resistance value changes due to change in crystal 
state by heating. 


